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Liner ships sail according to a published timetable specifying the arrival and departure
times in ports. Liner shipping networks consist of cyclic routes that are usually serviced
once a week. In this way, customers know when they can pick up or deliver their contai -
ners to a port. Each route in the network is sailed using one or more ships with possibly
different capacities. The network is used to satisfy the given container demand between
ports. Liner companies obtain a revenue for each container that they transport between two
ports. Furthermore, they incur costs for operating the network: fixed ship costs, bunker
costs, (un)loading and transshipment costs and lost sales costs. The first part of this thesis
proposes methods to design liner networks that maximize profit for the liner companies.
Ships will incur delays when executing a route, resulting in uncertain arrival and
departure times. Delayed arrivals can be very costly for liner companies, hence they want
their schedules to be reliable. The reliability of a route can be increased by including buffer
time in the route, which can be used to capture a delay without incurring delay costs.
Furthermore, ships can reduce delays by speeding up, which brings about additional costs.
The second part of this thesis proposes methods to minimize total costs by reallocating
buffer times and determining recovery policies specifying how to react on incurred delays.
The Erasmus Research Institute of Management (ERIM) is the Research School (Onder -
zoek school) in the field of management of the Erasmus University Rotterdam. The founding
participants of ERIM are the Rotterdam School of Management, Erasmus University (RSM),
and the Erasmus School of Econo mics (ESE). ERIM was founded in 1999 and is officially
accre dited by the Royal Netherlands Academy of Arts and Sciences (KNAW). The research
under taken by ERIM is focused on the management of the firm in its environment,
its intra- and interfirm relations, and its busi ness processes in their interdependent
connections. 
The objective of ERIM is to carry out first rate research in manage ment, and to offer an
ad vanced doctoral pro gramme in Research in Management. Within ERIM, over three
hundred senior researchers and PhD candidates are active in the different research pro -
grammes. From a variety of acade mic backgrounds and expertises, the ERIM commu nity is
united in striving for excellence and working at the fore front of creating new business
knowledge.
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Cn = Cn ∪ {h} 
 δhcn = min
j≤n
δhcj ≤ δmax
Cn = Cn 	
$  	 h ∈ Cn         	  	 

h ∈ ∪1≤i≤n−1Ci.

   	     	   
  	 	 
 h ∈ Cj 
1 ≤ j ≤ n − 1,   Cj = Cj \ {h}. %  		    
	   	   Hna ∩Hm = ∅.

 Hna ∩Hnc 	= ∅,   
  h ∈ Hna ∩Hnc   	  	 		
    	 	&
Ci = Ci ∪ {h} 
 δhci = min
1≤j≤n
δhcj
Ci = Ci 	
43A_ERIm_Mulder_BW StandV3.job
  	
  
  Ci  1 ≤ i ≤ n   ﬁ
   	    	
   
	
   
 	
  	
  
    	 	 
 	
 	
  
  	

  	
 
 	
  ﬁ		   	
 
!  
 	
 
 


  	  
 "  #
$	
 
	
 
 		
  
     	  	    		  	
  
 
	      	
 	
  
       %
δCiCj = δcicj 1 ≤ i, j ≤ n;
c∗Ci = c
∗
ci
1 ≤ i ≤ n;
tpCi = t
p
ci
1 ≤ i ≤ n,
 δab 	  	
 
 & a 
 b, c
∗
a 
  
  
& a 
 tpa 	   	  & a. 	
 	 	 
 	  	

 		
 
 	
	
     ﬂ 
  
 	
  
	
     
 
  	  (   
 
 

    
   	  %
rCiCj = rcicj 1 ≤ i, j ≤ n.
 
 
  
 
  
 
   	
  
) 
 (     	
		  
 	
  %
dCiCj =
∑
h∈Ci
∑
h′∈Cj
dhh′ 1 ≤ i, j ≤ n,
	 dab  
 
 & a 
 b.
   	


 	 	 	 
  !
    		
 
 	
	
    
ﬂ    ﬂ 
      	 	
 
ﬂ 
  	 	
 	 	    	
  	
ﬂ
43B_ERIm_Mulder_BW StandV3.job
  	 
 	  	  	
 	 		   
 
   
  		
	 	 	   		 Ci  Cj   	  ﬂ 
 
xtot =
∑
s∈S
xtotCiCjs.
    ﬂ 
 	 Ci  	 Cj    	   x
tot.  
       	 	 
  ﬂ !  

 xtot = 0.    (h, h′)  h ∈ Ci  h′ ∈ Cj   	
"     	  ﬂ 	 		    (h, h′), 	
xtothh′ = min(dhh′ , x
tot),
xtothh′ 	   ﬂ 
  h   h
′. #  ﬂ   $
xtot = xtot − xtothh′ .
   	

%  	 	  ﬂ	  	   &  	 

		  	   
   	   	 '
   
  	
	 	 	  	     	 	 
          
 	 " 	
 
 	   	      % 	 	 
	 
 	 	   
  	
 

% ﬁ	 	 
     	 )"   *   

	 	 	  	      
  	 + FC 
	 
 
 		  	 C, 
FC := {(c, h, c) : h ∈ C \ {c}}  
  
 	 C
 c 	    
 	 C.   
   f ∈ FC 	  
bf = min
{
b ∈ Q : b ≥ max(xtotch , xtothc )
}
,
 Q 	  	   	
44A_ERIm_Mulder_BW StandV3.job
  	
  
   	

     	 	      
 	     	
  C 
  	  	 	
 

  	ﬀ
 	
 ﬁ  	
   	    	 	
 
     
  
   	 	
  
  
  F     	
 ! 	 	  ﬁ 	
  ﬂ 
  
   	
       	
  	
  l1, . . . , ln,  n 	  
 
   	 
      	
  h1, . . . , hn, h1 # l1 

   
  h1 
 h2$ ! 
xohi =
∑
h∈H
xhih
   ﬂ 	 		
  hi 

xdhi =
∑
h∈H
xhhi
   ﬂ 	 	
	
  hi 
  ﬂ 
  1 ≤ i ≤ n 	 	
 
xli =
∑
j>i
xdhj +
∑
j≤i
xohj .
  	

  bc   
 	    	 
 bn  	 
  
	 	  
 	% 
  	
 
 
  li 	 & 
yli = max(xli − bn, 0).
 	  
 
    ﬂ    	 	 	 
  
  

	   	

 

   
 ﬂ    
    
	
  		
 
' 	
	
   
 ﬂ 	
  ﬂ 
   	
   ﬂ 
 
  	 	 	
   ﬂ    	 ( 	
  
	
	
 
 	  ﬂ 
  )
 	
     ﬂ
44B_ERIm_Mulder_BW StandV3.job
  	 
 	  	  	
 F.
Lo := {((h1, h2), (h3, h2)) : h1 ∈ F, h2 /∈ C, h3 ∈ C \ F}  	 
   C.
Ld := {((h1, h2), (h1, h3)) : h1 /∈ C, h2 ∈ F, h3 ∈ C \ F}  	 
 	  C.
L := Lo ∪ Ld    	
 	 L 			 
   	 
  	     
     ﬂ  
  F. 
 ((h1, h2), (h3, h4)) ∈ L,  
 ﬂ  F     	  		ﬁ   	 h3
 h4    	      	 h1  h2   	
  	     		ﬁ  		 	   	 
	 	 h1  h3    	 	  	 h2  h4    	
	 !       ﬂ   
   	
C, 	     	     	    C 	  
    Lo    	  C  	  	   	
    	 	  	 " h2#  	 
 Ld    "h1#
	  	 
  	 !       ﬂ   F, 	
     	
  
   
 	 F    
  
 	      	 C 	       F. 	 
h3   ﬁ 
  Lo  Ld 	   
 C \ F " 	  C   
	   F #
  	
	   
!   ((h1, h2), (h3, h4)) 
  	  L,   	  

   
  ﬁ	     	 	   rh1h2 − rh3h4 ,
 rab 	   
 		
   
  
  a   b.
$     	 	   %    	
  	 		 
  ﬁ	     	  &  
     	     
   	 
	   ﬁ	     		ﬁ     
 !  	    
  
  
    
 ﬂ 	   	
' ho     C 
  ﬁ	   hn    C 
  	 
  h′     C  	  
   	 !  dab  dsatab
    		ﬁ   	 a  b 	   
45A_ERIm_Mulder_BW StandV3.job
  	
  
 
 	 
 
dexd =
{
min(dsath′ho , dh′hn − dsath′hn) 	 h′ 	  		
 
min(dsathoh′ , dhnh′ − dsathnh′) 	 h′ 	  	
	
 

	
 
 	  
  ﬂ 
   	
 
	
	
 ho 
 hn,
 
  ﬂ 
  
  	
 	 
 	
 	   	 ﬂ 	 
	
  F n   
  	   ﬁ
		
  L 
  F n 	= F.
" h′ 	  		
    	 
  ﬂ 
   	 	  
 
 	
      hn, 	 	 	  
   	
    
 hn 	 h′ 	  	
	
   hn   k#    	
 F n 
  n
 
    	
 $  xnli   ﬂ 
  	
 F
n  
li.  
  
    
    
 	 
 
dexf =
⎧⎪⎨
⎪⎩
min
1≤i<k
bFn − xnli 	 h′ 	  		
 
min
k≤i≤n
bFn − xnli 	 h′ 	  	
	
 
   	 
    
  
 
  	
	

  	 	 	
 %
dex = min(dexd , d
ex
f ).
  ﬂ    	     
  
 	 

 
xoldli =
{
xoldli − dex 1 ≤ i < j 	 h′ 	  		
 
xoldli − dex j ≤ i ≤ m 	 h′ 	  	
	
 
  ho 	  j#  
  	
 F 
 xoldli 	  ﬂ   li  
	
 F 
 m 	  
   	 F. 		
xnewli =
{
xnewli + d
ex 1 ≤ i < j 	 h′ 	  		
 
xnewli + d
ex j ≤ i ≤ m 	 h′ 	  	
	
 
    
	
  
 	 	
 %
Cex = Cex +
{
(rh′ho − rh′hn + chhn − chho)dex 	 h′ 	  		
 
(rhoh′ − rhnh′ + chhn − chho)dex 	 h′ 	  	
	
 
45B_ERIm_Mulder_BW StandV3.job
  	 
 	  	  	
 chh 	   	     h  C
ex 	      
	   
 	 F.
            	  
   	 
  	  	     	
    
   
  
 	    !  
	  
   
  	"   ﬁ 	   
P ex = ccbc + c
f
bc
− (ccbn + cfbn)− Cex,
 ccb 	     		   
  F   	   
b 	 	  cfb 	  
 		  F 
  	   b
  	
   
  	         
 		 $
  	    	  	   	  ﬀ 		
	  $  ﬁ	 	  	 C. &   
  
 	
 	 C      ﬁ	 
    	  	  ﬁ
   	  
  ﬁ	 	   	 	 $	  	
 
 	 F  F ′  C &  N      
 
F. $        	 	 ﬁ    N  
F ′     ﬁ 	 	
' (P, P ′)   	    
 	 F ′. &	 
 	 
  
 		 F  F ′ 	   
    (
Cold = ccbf + c
f
bf
+ ccbf ′ + c
f
bf ′
,
 bf  bf ′   	 
 F  F
′ 	  ccb  c
f
b   
   
 		 
  	   b 	 
' N   	   	 P  P ′  
 	 F ′,  	 
 (P, P ′) 
 F ′   	 (P,N)  (N,P ′)  F ′ ) N    	
  F ′,    
  F. $  	  ) *+,   	
    ﬂ	   
 		 F  F ′, 	  		ﬁ 
  	 	  .  ﬂ    	    
 

 	     (
bf = min
{
b ∈ Q : b ≥ max
1≤i≤n
xli
}
,
46A_ERIm_Mulder_BW StandV3.job
  	
  
   	 	 	
  l1, . . . , ln.
     	 F 
 F ′  
	
  N 
 	
 
 
Cnew = ccbf + c
f
bf
+ ccbf ′ + c
f
bf ′
,
 bf 
 bf ′  
  
 		 
   	
  	
 	
 ﬁ 	
	
 
PN = Cold − Cnew.
 	  
	  
	   	
	
 
 F ′  
	 
!
 
	  


  
 F  
	
    	
 
"
  	
 !  	     	
      #
	
 	    #	
   $
      		 
 
 	
  
%! 	     
 
 		 
   
%
&! 	  	  ﬁ  		      
   	
 
% '
   
 	
   
 !  	  
  	 		 
 
 	
 !  		
 	
     	 	
   	
  



    	
  	 	
 
  (	   "
 	 	
!  	   
  


     	
 
)	!    	
  r 
  	
   C1, . . . , Cn   		 

r. "   	 		 	 
  !  
	 	    	ﬀ
  !
 		
	
 	   
   
 	 	 		 
  
   
 
   
 	 	 		 
  
     ! 
  	 		 
   	 
	(    $
	   C 
 
r 
  N     
   C 
 	 
  		 
  r, 
	! N ∈ C \ r. + (P, P ′)   
	   	
	
 
  	
  r, 		

P ∈ C 
, P ′ ∈ C. ) !  F    	 
 	  N 	

 		 -N ∈ F .
	 		

+ N 
  		 	
 
  P 
 P ′ 
  	
  r,  	!   
(P, P ′)  r 
   (P,N) 
 (N,P ′)  r 	
 	 	  
 	
 -
.    ,  N 
  r -    	  
  	ﬀ

!   	 	 	 
 ﬃ  
   	 	  r.! 


    N    	
 F  0 
       
46B_ERIm_Mulder_BW StandV3.job
  	 
 	  	  	
		 
 
 	 F    r, 	    		
		     	    
      	 ﬁ	 

 	     
  
  N  	 	   	
  	   	  
  	    	 
          	  
 
	 ﬁ	  	 
  	  N  	    
  	 	
  
 		   		    
  	 	  	
  N 	 	         
  	 	 	 
 	   N 	 	  ! 		   			 "  ﬁ	
   	 
  		   N  	   		 
    	    	    
# 	  
 ﬁ   N 	  	 C  	 	 

   
  	 "     	 		 ﬁ	    c

 	 C   
    c′ 
  	 C ′ 	  
ﬂ	 
    N  %&  c. #  xcc′   ﬂ 
  c  
c′   ﬂ  	  N      c 	 	 ﬂ 	 
  ﬂ xcc′  '      ﬂ    N 	  
ﬂ xcc′  	  	    c
(  N 	      
    c   	 ﬂ	
xcN  xNc′      ﬀ    	 	 
  ﬂ 
    N 	  %&   N 	 
   c.
	   ﬂ   N 	   ﬂ xcN ,   ﬂ 
  N 	
  * 	   ﬂ	   ﬂ xcc′     	 
xcN = xcc′ −N outf +N inf ,  N inf 	   
  ﬂ    N %ﬂ
  N 	 	&  N outf 	   
  ﬂ    N %ﬂ
   N& " ﬂ xNc′   ﬂ   N 	     ﬂ

  N 	  	  	  xNc′ = xcc′ . 	 N
out
f 	    xcN
    xcc′  xNc′ , 	      N  	  r 
    N,  +   
  	 ,  

        N 	   N inf ≤ br − xcc′ +N outf , 	 	
 	     ﬂ xcN      ﬂ xcc′ .
  	 	 	    ﬁ " 	 	  N  
	 C 	 	 
    c 
  	  ﬂ    
  	 c′  c 	   xc′c. " 	 	  ﬂ   N 	
  ﬂ xc′c   ﬂ 
  N 	   	    
47A_ERIm_Mulder_BW StandV3.job
  	
  
c
C
N
c′
C ′
xcN
xcc′
xNc′
c′
C ′
c
C
N
xc′N
xc′c
xNc
  N  	 
        N  	      
  	
    		
	
   N 	    
  c

 c′   
	
  
  c   C.  
	 ﬂ xc′N 
 
  c
′ 

 N. 
 	 ﬂ   ﬂ   N 	 	
 
   ﬂ   N
	 
 	
  	
 	  xc′N = xc′c.   ﬂ   N 	 
 

	
  N   	 ﬂ 	 
 	
 	
 xNc.  !  ﬂ   N 	 "
 	
  N   	 	
 	
 xNc  	  ﬂ 	
 	
 xc′c, 	 

 
  xNc = xc′c − N inf + N outf ,  N inf 
 N outf !   ﬁ
		

 !      N 
  
 	 	
  	" 
 	 
 		
   N    
  ﬂ  	  	 
 "
N outf ≤ br − xc′c +N inf , 	
 	  	 	
 	
  
 ﬂ xNc  
 	
  
ﬂ xc′c.
 
  ﬂ $
% 	
  N  & 
N out = min(N outf , N
out
s )


N in = min(N inf , N
in
s ),
 N outs 
 N
in
s   
   
 
  	 
  r 	  N
	!"  		
 
 	
	
    
 ﬂ 
  	

	
    xab 	!
 ! ' N
in 
 N out 
    
 ﬂ 
   !	 !			
  N " 	
  ﬂ    !
	 	   
 (
 
 ﬂ   
 
 
" 	
 
N 
   !	   
      !	
 
(	  	
   	
 
  
)  !
 	
 	  
 

 	
  	
 	 	  	  (
    
  
)  
 "  
"  
	
  
   
)
47B_ERIm_Mulder_BW StandV3.job
  	 
 	  	  	
 	      	 	   
 	
   
   		 
  
     
    
 		 
        		
  		 crr  c
r
r′ 		 
     	  
 		

   	 r  r′    
      
	  	 	           
 
   
   	   !  
   
		 
  
   	        
	  
 		 	     	  ﬁ# $ 
ﬀ   		    	 N in  N out.
&
  	  	   	  
   	
  (P, P ′)   r  P ∈ C ' P ′ ∈ C 	  	   
 	  (#     	 N ∈ C \ r  	 
		 C ∈ r  	  ﬁ   	 r  	   
 
   	  	 	         
	 	     	  	    	  
          
48A_ERIm_Mulder_BW StandV3.job
  
	
 
 
    
  
  	

   	
 
	
     
	 	
 	
 
	
 	 	
 	   

  
ﬁ  
	        ﬀ
 	
	   	
  	

 
 

  !!!"   
 	
#	  	"
	   	
  
	
 	  	
  
 
   
	 
	
 	 #	
 	
 	  $%%  &%%%  '(  	
ﬁ
	
   	
	 	
  )	  	  
  *%%  '(  
 
	 	 +	  ,    
	     )	
   	   &%%%  '( 
  
	      	 
	
	   	
  -       	  

 #	
 	   	  #	
  	
 	
 
	
 	 	   	 
+
   
 
	
 	
 		
 .      
	
  
	
 	 ,
	 	 
  ﬁ    	# /
  	 /	 
	

	   		
 	
 
 
		
  / 	 ﬂ 


   	   /
/ 	 
 1
 	  
  #		 ) 
 
  	
 	 	
 ﬂ   
  
 	   	
  	
 2
    	   ﬂ 
	
 	       
  / 
 
 	 
 	
 #
   	
  	  	 	 
	
  	 	
 	 	
 	
	  
ﬁ 	
   		
    	
  	 		
 
  	
 
	! 	

	
  "#$%&#'
48B_ERIm_Mulder_BW StandV3.job
    	
	    	  
  	 		   	    
 	 

 
  
 
  
 	 	  
 	   		
  	    !	  	    	  

		 
 " #
  	
 	 
!   	 	
	 	  
	 	 $
 	 	!	 
	 
 

  
!   #
%  	 &'((
) 	%	  	 
! 	 	  	  	*  
  
 
  +
	 		 	  	 	 
       

	 ,   	%	   	
	 	 ﬁ  *  ! 
	 	       
   
	 		 
 *	 

  	 	
  
 
   !		   	    	    !  
!   " 
	 	
   	 !	 

  
 

 	 	    ./   ! 0 ﬁ	 
 			    
 	  
  
   	
 	
$
 &''1 		 
    
   
	 +
 	 	 
 			   		 $	  	 	
   
     	 	!  	 
 
	  
 	  	 	 2   	 	 
 	
	  
	 

"   &''3 / 
 ﬁ   ﬀ  	  	! 	
 	! 		 +
     
 ! 	

	%	 
  
	  
 	
	 +
 	
 	
	 
 
	   ﬁ 
 
	 	 /  5 	

	 	! 
 	5   +
 
	   "  
&''3  	    	  
 
  
 
 	 " 
	   	       

  	  
	 
 ﬁ   
	  $
 "   &''3 	
ﬀ 	 		  	
  	  
   
	 	
"  	
   	
 
 ! 
 
 	 	 		  	
  	

	 	 		    ﬁ 
  	 $

	  	
 &''6 	  	
  	 *   
   ﬁ 
	   7!  	 	  


8  	 !	  	 +
 
	  
  

  
  	         
 	 
49A_ERIm_Mulder_BW StandV3.job
  	
 
       
	   
    	 
 	     
     
   
   
 	   !"#     !" # 	 $    !"%# 
 &	
  	  
  

 
  	 
 ﬂ 	 	 ( 	     	 
 !"# 	     !" # (     
 
   

&  
   	   !"#  	 	  
	 
 	    	  
 
      !" #

 	    	   	 
 
  	    	
&    ( )  *	 	  + 	
  	   (       	 

&  $    !"%#    
    			
  
, 	  -    	   
	   
,	,	     
, (
  
 (  	     
	  
 	 
       
   	   &	 
 	  .
	 	 /((  !"0#    
  	 
  	     	  ( 	 	 ﬂ
	  -  ( 	 	 ﬂ 	  
	 
     - (     (  .
	
	 /((  !"0#   
   	1  ﬁ 
   	 
( 	  3   
  	 
   

  	   
   
  
 
 (  
   .,	   
   (
    	     	  - 

     
		 	 	  
  
  (  4  ﬀ  		   ,
     (

  	  
	    
  
   	
  
  .
	 	 /((  !"0# 
	 	ﬀ 	  		  
   
 (   
   	    (
ﬁ
6    !"%# 
	  7 ﬂ 	 	 4 	  

 - 
    
 
 
 	   	
	 	    -   	  
      
	 
 
    - 
 	  	  
  
		
    
49B_ERIm_Mulder_BW StandV3.job
     	
   
  
 
   	 	  
       	


    	          !	   "##$
%   "#$& '   "#$& 
  	     
    % ( 		   
  
  )	 
   	 	   *
+     	 	
 '   "#$& , 	 

    	 *
+   	
	 

  
    	   '   "#$&  		
   
  ' "#-&
, 	 

    	 
ﬁ/    
   
/ 0    	  
  1  " , 	   
  	 ﬂ    
  
   ﬀ 
 	
 / /  
   	  45 1   
	 	     	++  , 1  $    
/  	 +*
   / 

/ 	 
6 	  1   
 
   
+
ﬁ 	++ /    
	 / '
  "#$& 45 1  - 
  
 	 	   

    	     1  7
  	
 	
, 	 

       	  
  8 
    + 	++   		 ﬁ    
     	 
 )	  	 
   
  	 	 
   	 	 
       &
    	  	 
 )	 	++   	
   
 / 	   	
 	   	 / )	
 	
  5
    
ﬁ 	   6    

  
   5
   	   6  
/ 
 ﬃ 	   ,/  	
      
  	

   
 

5/&    
 

 	   	     	  /  / 	 
 	      
  	 ﬀ 	
)	 
   	 

       !  
       
     8:+
&  
   	
 )	       	

  	    

 	   	   	  
 )	   
50A_ERIm_Mulder_BW StandV3.job
  	
 	 
  	  	   	 	  	 	ﬁ	    	 	  	
	    	   	   	 	  	 	    
 	   	 	  	  		 
	  
	 	 		  	! 
	   	 	  	  	 "	
	! 	  		  	
 		  	 		    	  			 	 


  
#


	  		  	 	  "! 	 	#    	 	
	  	 	 		  	 		
	 $
	 
 	 	  	
   	
   	  $	 	 
 			  			  	
	 	!         	 	 $	

  	  	%	 	   	 ! 	 	   
  	

  ﬂ    

 &&			 	  ﬀ	 
  	  	  
&
	 	  
 ﬀ			    	 	 
	  
	 	  	 	  	  			   		 (  	! 	
 		 	 ﬂ		  		    	 	
 	!  
	!
*+	
	  	! 	   
	!  ,2 	
!    ﬂ	#&
  
	
  	

	
-	 	 
	    	 	  	  	  	 ﬂ 	&
		 	  (  	 	 
	   	
   	 	 
 
	   	 	 	  .		! 	  	#
	 -	
 
	
	     & 	  !   		  	 	
 
 	  -	
! 	 	  .
!  *+   -	&

  	  	 	  !   	 
 -	
  	
 .
  	  	 	 	  	 	 ( 		!  	

  	     	 	#		! 		   ﬀ	   	/	
	  	   .	 	  	 	  		 	
 	  ! 	 	 	
   $ 	  	 
	 
	 	!   		ﬁ  	  	 .		! 	  	 

	
 		  	  	 	   	! 		 	   	 	
	
 	
50B_ERIm_Mulder_BW StandV3.job
    	
	    	  
  	

 ﬂ    
   	  	 	 
		
   ﬀ 	   	 	  

 
 	 

 	  
   	  

  	   	   
  	!	 !  ﬃ 	  
 	 
  
# 	   		     
	   	 

	       
 	  !# 
 	  	
 ﬃ  ! $ 
 
 #   
	  	 
  	  		
# 	  	   
 	 	   
 %		
  	   	
 	# 
 	  
!     
  
  	
 $   	
 	# 
 	 
 
  
 	 #  

 	  		
 	   !# 	 
 	# 		
	  # 	  	 	 
  	
 !	    	  
  &
#     	
 
 	  	   ﬃ  
 	 
  
	 	  
    	 
   	# 
  	
     	 	 	
	   	 		  	 
    	 &
# 
   		# 	   !		
	 	 		     	 		     	# 	 
 	 
 
  !	   	# 	 
 '  
	

# 
   '    	   	
 	' 
  	   	  	   
 

		
     
 	! % 	!  

	 	 
   (	! 	) 	 
   	
 
 	 (	! )  
 
 
  
 
  
	  
		
# 	 	  
	   $ 
	 	# 
 	  

 (	! 	)   
 
 
	   	  
	 	!
      
 	 
# 
 
	  	
    
 	   
     
 
$ 	# 
 ﬀ   
   
 	  	  	
	 !#   	
 
	      * 		 	 
    
  	 #   	 
 * 

  ! # 	 ﬀ	      		  	 

#      
 	  	 	 !	   
51A_ERIm_Mulder_BW StandV3.job
  	
 	 
  	 

 	
	  	 ﬂ		 	 ﬁ  	  !"	  	
	#   	 
	 	ﬃ	  	  	 
" 	 	 	ﬃ	   		
 	%
	 &	  '  (	)	   		 	 )	"	 	
	    	 	 " 	 
	  	  	 	 	  	

	 	 )"	  
 " 		   
	  	)	 " 

	    
	 	  	  )	  	 	 "   
 		 	 
	 	
  	 	
	    			 	
  	 	  " 	 	 (	)	 	 )"	 
)" 		     
	 	 )	  	 	  	 " 
   
" ﬂ		 	  
	 * 	 	  	   	
 	+     	 	 
	 
  
	 	  	  
,	 	  -. /	
	 " 	 )
	 	 	 )	  
	)	 	 " )
	 0 	 	  	)	 "	 	    	)	
*   " 	  		ﬁ 	)	 
	 
 	
	  	

   
	 	% 	 	  	  	 	   
	  
	 	#
	  	 
 
 ﬀ		    2	
 "	 	%		
" 
	 		 	"  		 " "2""  2	

) 	 	%	 3	
 --4 	   " 	 
		 	 		 	  )	 		    		 
" 	 	

	  5	 
"	
	   )	 
 	  	 " 6" 	
	 " 	  	   	  	 )	  7	

	 	  --8
/	
	 	 	 	  	   " 
	 			 #
" 	    
%
9	 	 		 	 6 "  	)	 
		    	 	)	 
	 
	  	 /		    	 	 
 	   " 	   /	
	 )	"	 " 	 	
	 	" 		 	 		  	 	 	 	  ")	 	  	 
 	)	" 		 	 	  	" 	 " 		 &	 	 
 	 	)		  	   	" 	 " 		  "	 "
	 
 
	 		 		  	 	 
	 
  	 6	 
 	  	  
	  	   	  	  	 " 		
6 -- "	 		  " 		  )	  	:		  	
 	  (		 	)	  		   	  	  	)	 
 	
51B_ERIm_Mulder_BW StandV3.job
    	
	    	  
	   		 	    
  		 	   
 	  
	  	    	 
  ﬂ
 
    	 
    	   
 	  
 	  	 
       
  ! 
 	 
	      

    	 	 

 	   " 
	 ﬀ 	 	  
 	   
 	  
 	 

  
	  ﬀ	   
 
 	 
 	     	 	
$   
 		 
    	 
   
	  	     "    	  
 
   
$%2  
&'   	 
 ﬀ  $%2 			  	 	 
 	
	  	 	   		  
  ﬀ 	 ﬃ 
	 
  	  
 '  	 %  
 
		
 	    	 
   
   
 	
  	 
 	   $%2 			  
 		 %

 
 
 
 		   ﬃ  	 	 
  $% 2 			
)
  ' 		    
 	  
 ﬂ  

 	  
 $%2 			 )
   $%2 			     
   
  	  
  "   ﬀ
	 
   $%2 			  	    
 
 " 
	 
  ﬃ   
   			  
   
	 ﬀ	    		  			 
   
 	

	
* 	  	 	
 	   	  	 
  )
     	    

  		  	  
  !   	   	
	  
 	  ﬁ   	 %, " 
	 		  
 
ﬃ  	 	  %,	 	
 	   	  	


   
 		 	
    

 %, )
	  	  
	 
 	   !  	 
	 	   ﬃ 
	 %,	  	  	 	  ﬀ 	 


52A_ERIm_Mulder_BW StandV3.job
   	 
  

  	    	     	 	 
 	  
 
  	 	 	 	
     			 	    !
  	 
   	   		 			 	      
!   	 
  	
 

"	  
  ﬂ! 	 
	 	 	 	
	 	 	 	 	  ﬂ! 	 	 
  
 	   	  	 	  	    
 	
  
     
 	   !
    
	    	 	      !  
 "
 

  	  	 
  	   	  	  	 
  	  
  			   	  	  
	
	  $ 	 	    	  	  
 	  
 %
&   	 	 '	 	 	   

ﬂ! 	 
 
	 	
   	 

  	   	 	 	 
      	
 	 	  	 	 (  	  	 

	    	      	     
ﬁ! *
 +   	    	  ( ﬁ 	 
  	   
    	 	      	
  	    	 	  ,   
 	 *
 -   
 	 	   , .!  	  	   	 		  
	            	  /  
	   	         	   	   
 	   0 	   
 
 	   ( 1  
1	    	  	    	  	 	  	
 
      	       			  
	  
2   
 	  	  	 	  2	 
 ﬁ 
	 	  ﬁ!   	   3 	     
  	 	    	 	  	
52B_ERIm_Mulder_BW StandV3.job
    	
	    	  

  
     	 	 	   	   

 
       	  	  
  
 	 !""#$%  
       
 	 
 
    
 &$' 
 	  
 	  
 
    		 
   	
  		ﬁ )
 

	 	   	    	
	  
 	 * 	 
 

     
 	
     !*+"% 

   	      	  
    , 
	 
	
	    
 	  
   
     
 
	      
 ﬁ  
  #- 
 
		ﬁ  
    	 	     
    	
 * 
	  	    
    	
	 	 
) 
 	 
 	
	   
	 	  
 	  
 *+" 
     	  
 .,/   
 	 	 )


 	
 
 	  	  
 *+"       
 ""#$ 
* 	  
 .,/ 
	   	
	   0    
 	
	 

	  	  
 *+" 	        	    

  	
	 
 	
	 
          
  
   	    
   	
	 , 
	   
   	     	  	  
 *+"  
	 
      	  # 
  
  
  
 	 
 ,  

1 " *
 2   1   
	  		
 $	 
  	 	   
 " 	  	    	 
!% $	    	 	   
!%   	
      	 	  '
     
   		ﬁ  3
     	 	  	 
  	    	

  	  	 	  	 	  
 ""#$  4  	
 .,/ 	  
 *+"  
 
 	
   
 
 	 	  

 	 	  
 *+"   
 	
   
  	 	
53A_ERIm_Mulder_BW StandV3.job
   	 
 
	  	 
 	    
   	  ﬁ	  	
  ﬁ         ﬁ 	   	
   	 	   	 
   !"		 
 	 	 !
	 #
	  	 $	     
  	  	
	  % ﬂ! 
	 	 ! 
	 '	 	 !
 
	 
  ﬂ! 
	  
 		  (
 	
   	 ! 
	   $		 	  	
)     	  ﬂ! 
	 *! 
	 
	  	  
	 		  	+ (  	
   	
 		   
 	     	   	 	  
  
 
 ﬃ   ﬁ	  	  		   
 	 ﬁ 
   	   
	%   
	  ﬂ! 	 ! 
!
	 	   	ﬁ 
  	   
	  	   - 
    ! 
	 	  	 
	 '	    
 
	    
	   
 	   
	   	
  

    	
  
	
  	    	 	  % ﬁ   
	  	  
   	 	 
   	   	  .
    
 	    ﬁ    	   k! 	  	 
 
ﬁ	  	   	  		      	  	 
	 
 '	  k! 	  	 
 	   k 	 
      	             	
 	  	 	 .   	  	  	 	    
	 
 	      	        	      
 
  	    	 	   	  	   	 	 

		    	      	 '	   	 
	       ﬀ	 	  	 	 	  k! 	  	

 	     $      	 
      	
       
	        	
	
      #
   	    	     
	
       
      ﬁ	  	
53B_ERIm_Mulder_BW StandV3.job
    	
	    	  
	  δcph  p, h ∈ P 
δcph = δphc
nm
(∑
p′∈P
(dpp′ + dp′p) +
∑
p′∈P
(
Iδpp′≤δhp′dpp′ + Iδp′p≤δp′hdp′p
))
+
∑
od∈D
dodc
t
hI
t
odh. 
  P ,  D  
 	  	   	 	!"# 
 h 	 

 
$   
 	 δij  dij  	!" 
 	   	
   %&' $ 	 i  j  cnm  cti  	!" 
 !(
	  	(       
 		
 	  
i, $
  ') *
# Ia 	   	 a 	   + 
	# 

I todh ,	     od 	  		
  
$ h  + 
	 %
 	
	  
 	( (
 δc 	 
 	  		
(  
 
$  

	( 	  
 
$   
 (   
 
$  	  
 "
 
 	 	!" (  
 
 ( 	!" 	
# 
 	( 	 $ 
 
$  
 (  	    
  
  		 ! $" 	 $	  		
	 

$	 %
 !( 	( 	      	 	 $" ( 
!( !  	
 "	 		( 
 
"  	  	( 	 *"#  
   	 
(
 
 )- .  ( 	# 	 		  		 

 		(  
 )- .
%(
  		   		 	
 "	 
  $  $
  
 
) ( 	
	 	" 
! ( 	# (
  		 ! ( 	
	
 $( $  $
 /# 	 
 
(
   

 (  	
	
 $  $
  	 "  !	  
 	  	 	 
 " 
  
   		 /#       
	 	
 
 	 	 %
# ) 0 		 
 	  
 	  (# 
 	 	 $	        	    	"
 
  	 %
  	 	  $" 
 (	 
 (  

	 (	  	 %
 		 Ps, Pm  P l  
 		 
 	#  
( 	 	!"  
 (
 γi 	 
    i  γ, γ¯, m  M
    $	  
     *(  	
	  1
 
	 	  
 	( (

2  P  
  $  	   	 	 	  )   

(
# 		  	    		 	 ( 	 
 $  	 1	

	  )( 	 $	   0  	( (
 *	# 
  	
54A_ERIm_Mulder_BW StandV3.job
   	 
 
  	 
  	
 
     
          
   ! 	  "	   #  	   $ 	

# 

 	  	 
  ! 
   
 !     	%    !
!	 &  !   ! ! 	     
 !  
! ! !	    	 !	 	# !   	 

 !# 	   	 !	 	 
   
	 	
  
$ 	 
 '     	 
       

  	  	    ! !	
  
 
      
          
   ! 
# 

   	  "	  
 #   
	    ! 
      ! !	 	  
	   !   ! ! !	       
! !	 	  	 !
'	# 
 
 ! 
    ﬁ    
#   )

$  
 !   
54B_ERIm_Mulder_BW StandV3.job
    	
	    	  
 	 
 	 

  		   
	 	  k 	 


 	  δc 	 ﬁ   !"  	 
 k 	 	 	
 
	
# $ 
 
% 	 
 	  
  		 
 	%  
 	 	&'(
• Ps =
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p ∈ P : ∑
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(dpp′ + dp′p) ≤ 2m|P|
∑
od∈D
dod ∨ γp ≤ γ
}
.
• Pm =
{
p ∈ P : p /∈ Ps ∧
(∑
p′∈P
(dpp′ + dp′p) ≤ 2M|P|
∑
od∈D
dod ∨ γp ≤ γ¯
)}
.
• P l = {p ∈ P : p /∈ Ps ∪ Pm} .
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∑
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i
|P |)% 	 	 g
i
0 = C∗(Bi) −
∑
p∈P
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 z
∗    % # ﬁ z∗ ≤ C∗ = C∗(B∗) & 
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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ΠˆB˜′(sp,u[z, p
′; B˜′]) = ap′ [z′, p′′; B˜′] 
ﬀ Π∗B˜(sp,u[z, p
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Ln(d;B) := min
0≤τ≤τu
p[n]
{Fp[n](τ) +Kn(d+ τ ;B)} .

 Cdepn,N(d;B)   		 
Cdepn,N(d;B) = Ddepp[n](d) + Ln(d;B).  
    	    ! 	  n 		" 	 N  #	 B ∈ B  	
$ n = N, CarrN,N(d;B) = Darrp[N ](d), 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  d  	
  	
	 Carrn+1,N(d;B)  "  d   1 < n < N. % 
& 	
	 Carrn,N(d;B)   "  d. #	 d, d′ ∈ R≥0  	 
 	
	
d′ ≥ d. 

Kn(d;B) = EXsn
[
Carrn+1,N
((
d− Bp[n] +Xsn
)+
;B
)]
≤ EXsn
[
Carrn+1,N
((
d′ − Bp[n] +Xsn
)+
;B
)]
= Kn(d′;B),

 	
 '	   	
 	 
	
   Xsn  	
  	
 	    	 Xsn  	   	
 
& 
 & 	
	 Kn(d;B)  "  d. 

Ln(d;B) = min
0≤τ≤τu
p[n]
{Fp[n](τ) +Kn (d+ τ ;B)}
≤ Fp[n] (Tn(d′;B)) +Kn(d+ Tn (d′;B) ;B)
≤ Fp[n] (Tn(d′;B)) +Kn (d′ + Tn(d′;B);B)
= Ln(d′;B),

 	
 ﬁ	 '	 
  0 ≤ Tn(d′;B) ≤ τup[n]  	
  
Kn(d;B)  "  d. ( Ln(d;B)  "  d.      !
	
	 Cdepn,N(d;B)  	
   	 " 	  Dp[n](d)  Ln(d;B),
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
 Carrn,N(d;B)   
  Darrp[n](d)     d  
	
 EXpn
[
min
γ≥0
{
ceγ + Cdepn,N((d+Xpn − γ)+;B)
}]
    ﬁ
EXpn
[
min
γ≥0
{
ceγ + Cdepn,N
(
(d+Xpn − γ)+ ;B
)}]
≤ EXpn
[
ceYn(d′ +Xpn;B) + Cdepn,N
(
(d+Xpn − Yn(d′ +Xpn;B))+ ;B
)]
≤ EXpn
[
ceYn(d′ +Xpn;B) + Cdepn,N
(
(d′ +Xpn − Yn(d′ +Xpn;B))+ ;B
)]
= EXpn
[
min
γ≥0
{
ceγ + Cdepn,N
(
(d′ +Xpn − γ)+ ;B
)}]
      Cdepn,N(d;B)    d.   
        	    
  
	   	    
 !" # Carrn,N(d;B)
   d,  
	   
"
    	  $ %   n   N " CarrN,N(d;B) = Darrp[N ](d)
 & !'  d  B  
	" ( 		 Carrn+1,N(d;B)  & !'  d
 B  
 1 < n < N. ) d, d′ ∈ R≥0   !  
 
 B,B′ ∈ B  λ ∈ [0, 1]  "  
λKn(d;B) + (1− λ)Kn(d′;B′)
= λEXsn
[
Carrn+1,N
((
d− Bp[n] +Xsn
)+
;B
)]
+(1− λ)EXsn
[
Carrn+1,N
((
d′ − B′p[n] +Xsn
)+
;B′
)]
≥ EXsn
[
Carrn+1,N
(
λ
(
d− Bp[n] +Xsn
)+
+ (1− λ) (d′ − B′p[n] +Xsn)+ ;λB + (1− λ)B′)]
≥ EXsn
[
Carrn+1,N
((
λ(d− Bp[n] +Xsn) + (1− λ)(d′ − B′p[n] +Xsn)
)+
;λB + (1− λ)B′
)]
= Kn(λd+ (1− λ)d′;λB + (1− λ)B′),
  ﬁ      	   Xsn  	
      
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Kn(d;B)   	   d  B. 	
λLn(d;B) + (1− λ)Ln(d′;B′)
= λ
(Fp[n] (Tn(d;B)) +Kn (d+ Tn(d;B);B))+
(1− λ) (Fp[n] (Tn(d′;B′)) +Kn (d′ + Tn(d′;B′);B′))
= λFp[n] (Tn(d;B)) + (1− λ)Fp[n] (Tn(d′;B′))+
λKn (d+ Tn(d;B);B) + (1− λ)Kn (d′ + Tn(d′;B′);B′)
≥ Fp[n] (λTn(d;B) + (1− λ)Tn(d′;B′))+
Kn (λ (d+ Tn(d;B)) + (1− λ) (d′ + Tn(d′;B′)) ;λB + (1− λ)B′)
≥ min
0≤τ≤τu
p[n]
{Fp[n](τ) +Kn (τ + λd+ (1− λ)d′;λB + (1− λ)B′)}
= Ln (λd+ (1− λ)d′;λB + (1− λ)B′)

 	
 ﬁ	 	   Fp[n]    Kn  	  
  
 	 
  0 ≤ Tn(d;B), Tn(d′;B′) ≤ τup[n]. ! Ln(d;B)  	  
  d  B. 
 Cdepn,N(d;B)  	
 "  	 #	$  	  Cdepn,N(d;B)
 	   d  B.
%	
 Carrn,N(d;B)  	
 "  Darrp[n](d) 

    d  
 	 
 (d,B)  "&	  EXpn
[
min
γ≥0
{
ceγ + Cdepn,N((darrn +Xpn − γ)+;B)
}]
  

 
ﬁ'
λEXpn
[(
ceYn(d+Xpn;B) + Cdepn,N
(
(d+Xpn − Yn(d+Xpn;B))+ ;B
))]
+
(1− λ)EXpn
[(
ceYn(d′ +Xpn;B′) + Cdepn,N
(
(d′ +Xpn − Yn(d′ +Xpn;B′))+ ;B′
))]
≥ EXpn [ce (λYn(d+Xpn;B) + (1− λ)Yn(d′ +Xpn;B′))] +
EXpn
[
Cdepn,N
(
λ (d+Xpn − Yn(d+Xpn;B))+ + (1− λ) (d′ +Xpn − Yn(d′ +Xpn;B′))+ ;
λB + (1− λ)B′
)]
≥ EXpn [ce (λYn(d+Xpn;B) + (1− λ)Yn(d′ +Xpn;B′))] +
EXpn
[
Cdepn,N
(
(λd+ (1− λ)d′ +Xpn − (λYn(d+Xpn;B) + (1− λ)Yn(d′ +Xpn;B′)))+ ;
λB + (1− λ)B′
)]
≥ EXpn
[
min
γ≥0
{
ceγ + Cdepn,N
(
(λd+ (1− λ)d′ +Xpn − γ)+ ;λB + (1− λ)B′
)}]
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  ﬁ      	    
  Cdepn,N(d;B)    d.  Carrn,N(d;B)    !  d 
B,  	   

"
    	  # lim
R→∞
Cdep
1,R|P |+1(d
dep
1 ;B)
R
!  
	    !
 	   $ 
  
    !  B  ddep1  %

 &" '

	  
  	  ddep1   
	   "
   
   #$  n ∈ [1, N − 1]  B ∈ B   d, d′ ∈ R≥0  
d′ ≥ d. (  	   Tn(d;B) ≥ Tn(d′;B)  " )		 Tn(d;B) <
Tn(d′;B). ' *+",-   
Fp[n] (Tn(d;B)) +Kn (d+ Tn(d;B);B) ≤ Fp[n] (Tn(d′;B)) +Kn (d+ Tn(d′;B);B)
Fp[n] (Tn(d;B))−Fp[n] (Tn(d′;B)) ≤ Kn (d+ Tn(d′;B);B)−Kn (d+ Tn(d;B);B) .
.
  *+",-   /
Fp[n] (Tn(d′;B)) +Kn (d′ + Tn(d′;B);B) < Fp[n] (Tn(d;B)) +Kn (d′ + Tn(d;B);B)
Fp[n] (Tn(d;B))−Fp[n] (Tn(d′;B)) > Kn (d′ + Tn(d′;B);B)−Kn (d′ + Tn(d;B);B) .

Kn (d′ + Tn(d′;B);B)−Kn (d′ + Tn(d;B);B) < Fp[n] (Tn(d;B))−Fp[n] (Tn(d′;B))
≤ Kn (d+ Tn(d′;B);B)−Kn (d+ Tn(d;B);B) ,
 Kn(d;B)   
     !  Kn(d;B).
 Tn(d;B) ≥ Tn(d′;B). #  	   

   	  "
   
   % n ∈ [1, N − 1]     d, d′ ∈ R≥0  
  d′ ≥ d. (   	   d+Tn(d;B) ≤ d′+Tn(d′;B),   Bp[n]
 ﬁ!  Xsn  	  d
dep
n  
	  
	   "
0ﬁ τ ′ := d+Tn(d;B)−d′  τ := d′+Tn(d′;B)−d" 1
  * -
 d+ Tn(d;B) > d′ + Tn(d′;B)" # τ ′ > Tn(d′;B)  τ < Tn(d;B). ' *+",-
Fp[n] (Tn(d;B)) +Kn (d+ Tn(d;B);B) < Fp[n](τ) +Kn(d+ τ ;B).
92A_ERIm_Mulder_BW StandV3.job
    	
	 	 

 	  		  Tn(d;B)   ﬁ	 	
 	     
! "" 	 # 	
Fp[n] (Tn(d;B))−Fp[n](τ) < Kn(d+ τ ;B)−Kn (d+ Tn(d;B);B)
= Kn (d′ + Tn(d′;B);B)−Kn (d+ Tn(d;B);B) .
#
 	
 	   	 	
 ﬁ	  τ  $ Tn(d′;B), 	
 ﬁ	   %
Fp[n] (Tn(d′;B)) +Kn (d′ + Tn(d′;B);B) ≤ Fp[n](τ ′) +Kn(d′ + τ ′;B).
#

 %
Fp[n](τ ′)−Fp[n] (Tn(d′;B)) ≥ Kn (d′ + Tn(d′;B);B)−Kn(d′ + τ ′;B)
= Kn (d′ + Tn(d′;B);B)−Kn (d+ Tn(d;B);B) .
&" 	
 # 	'
Fp[n] (Tn(d;B))−Fp[n](τ) < Kn (d′ + Tn(d′;B);B)−Kn (d+ Tn(d;B);B)
≤ Fp[n](τ ′)−Fp[n] (Tn(d′;B))
= Fp[n] (Tn(d;B)− (d′ − d))−Fp[n](τ − (d′ − d)).

 Fp[n](d) 
 " 	 #

 		 ()	 
 d+Tn(d;B) ≤
d′ + Tn(d′;B). 
  %	  	
    %( "
 %( * + # ﬁ	 %( 	
	 	
 ( 	  	  %#
 #	
 %ﬁ ,%	 -ﬁ Ψ(Qn)  	
 	  	 	
	  %#
 #	
 ,%	   Qn . %'   f(·) ∈ Ψ(Qn)   %
	( (
¯
d, d¯) 	
	  	 		 Qn 	
 (
¯
d, d¯) ⊆ R \Qn  	
 )	  % a ∈ R
  ﬀ	 b ∈ R 
 	
	 ∀d ∈ (
¯
d, d¯) : f(d) = ad+ b
   ) 	# * +     n 	
 1 ≤ n < N  Kn( · ;B) ∈
Ψ(Qn) Cdepn,N( · ;B) ∈ Ψ(Qn) Carrn+1,N( · ;B) ∈ Ψ(Qn+1) 
  	 	 
	
 	
 	  	   n 	
 1 ≤ n < N   d ≥ 0 	
	 Tn(d;B) ∈
{zl|z ∈ Z}  d+ Tn(d;B) ∈ Qn
 	 	   n 	
 1 < n < N   d ≥ 0 	
	 Yn(d;B) = 0
 d− Yn(d;B) ∈ Qn
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   	
  	  ﬀ 
  	 

    		    	  

       
 CarrN,N(darrN ;B) = Darrp[N ](darrN ) ∈ Ψ(QN)  Darrp[N ](darrN )  	    
	  {zl|z ∈ Z}  !
	   {zl|z ∈ Z} ⊆ QN  {zl|z ∈ Z} =
QN(p[N ])
"  
 n  1 ≤ n < N    	  Carrn+1,N(d;B) ∈ Ψ(Qn+1)
     Kn(d;B) ∈ Ψ(Qn) Cdepn,N(d;B) ∈ Ψ(Qn)  Carrn,N(d;B) ∈ Ψ(Qn)
 ﬁ   Kn(d;B) = EXsn
[Carrn+1,N ((d− Bp[n] +Xsn)+;B)]   Ψ(Qn) $ 
  Xsn  !
	   % z
s ∈ Z   Xsn = zsl & ﬁ
  
 ﬀ B˜′    B˜′p[n+1] −B′p[n] = B˜′p[n] + znl  zn = B/l ∈ Z
 p[n+ 1] = 1  zn = 0  %  	  (
¯
d, d¯) ⊆ R \ Qn  
d ∈ (
¯
d, d¯) 		 d − Bp[n] + zsl ∈ Qn+1 "  
	 ∃z ∈ Z, p ∈ P  
d − Bp[n] + zsl = zl + B˜p − B˜p[n+1]   d = (z − zs)l + B˜p − (B˜p[n+1] − Bp[n]) =
(z − zs − zn)l + B˜p − B˜p[n] ∈ Qn    (
¯
d, d¯) ⊆ R \ Qn '  
 d − Bp[n] + zsl /∈ Qn+1 " (
¯
d − Bp[n] + zsl, d¯ − Bp[n] + zsl) ⊆ R \ Qn+1 (
0 ∈ Qn+1  )    %*  + ∀d ∈ (
¯
d, d¯) : d− Bp[n] + zsl ≥ 0 
,+ ∀d ∈ (
¯
d, d¯) : d − Bp[n] + zsl ≤ 0   ﬁ    	  
(
¯
d−Bp[n]+ zsl, d¯−Bp[n]+ zsl) ⊆ R \Qn+1    ∃a, b ∈ R   ∀d ∈ (
¯
d, d¯) :
Carrn+1,N
(
(d− Bp[n] + zsl)+;B
)
= Carrn+1,N
(
d− Bp[n] + zsl;B
)
= a(d− Bp[n] + zsl) + b.
-   .'(  ﬃ  d      ﬁ
∀d ∈ (
¯
d, d¯) : Carrn+1,N
(
(d− Bp[n] + zsl)+;B
)
= Carrn+1,N (0;B) = a′d+ b′,
 a′ = 0  b′ = Carrn+1,N (0;B) - 
Kn(d;B) =
∑
zs∈Z
P(Xsn = z
sl)Carrn+1,N
(
(d− Bp[n] + zsl)+;B
)
,
        .'(  ﬃ  d   d ∈ (
¯
d, d¯) Kn(d;B) 
ﬃ  d  d ∈ (
¯
d, d¯) " 	 Kn(d;B) ∈ Ψ(Qn)
 %   Cdepn,N(d;B) = Ddepp[n](d) + Ln(d;B) ∈ Ψ(Qn)  Ln(d;B) =
min
0≤τ≤τu
p[n]
{Fp[n](τ) +Kn(d+ τ ;B)} ( Ddepp[n](d)  	   	 
{zl|z ∈ Z} ⊆ Qn  !
	   
    Ln(d;B) ∈ Ψ(Qn) % 
 (
¯
d, d¯) ⊆ R\Qn   d ∈ (
¯
d, d¯)    τ ∗ = T (d;B)   	

) 
  d & 012+ τ ∗   
 

  Fp[n](τ) + Kn(d + τ ;B) 
 τ ∗ 
     	  Fp[n]( · ) 0   {zl|z ∈ Z}+ 3
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    	
	 	  
d + τ ∗ 	    	
 	  Kn( · ;B) 

  	 Qn  Kn( · ;B) ∈
Ψ(Qn) 	 	
 ﬃ 	  	
  	   τ
∗ ∈ {zl|z ∈ Z}  !
τ ∗ + d ∈ Qn "
  	 	 
# $ % 	 	
	  & d′ ∈ (
¯
d, d¯)  
& d′ /∈ Qn  τ ∗ ∈ {zl|z ∈ Z} 
	
 d′ + τ ∗ /∈ Qn "
  (
¯
d + τ ∗, d¯ + τ ∗) ⊆ R \ Qn "
%  Kn(d;B) ∈ Ψ(Qn)
	
 '	 a, b ∈ R 
 	
	  & d′ ∈ (
¯
d, d¯) 
Ln(d′;B) ≤ Fp[n](τ ∗) +Kn(d′ + τ ∗;B) = Fp[n](τ ∗) + a(d′ + τ ∗) + b = a′d′ + b′  !(
	
 a′ = a  b′ = b+aτ ∗+Fp[n](τ ∗) )	 d′ = d+x )  
 	
	 Ln(d+x;B) =
a′(d + x) + b′ "
  	  x = 0%   x 	= 0 *	 
 > 0  

	
	 d − 
x ∈ (
¯
d, d¯) "
   * + 
 	
	 Ln(d;B)  ,	 &' 
(d,B)%  	
 &'  d% 

  λLn(d+ x;B) + (1− λ)Ln(d− 
x;B) ≥
Ln
(
λ(d+x)+ (1−λ)(d− 
x);B)   λ ∈ [0, 1]. -		 λ = 
/(1+ 
)  	
 (1 + 
)  

Ln(d+ x;B) ≥ (1 + 
)Ln(d;B)− Ln(d− 
x;B)
≥ (1 + 
)[a′d+ b′]− [a′(d− 
x) + b′]
= 
[a′(d+ x) + b′]
= 
[Fp[n](τ ∗) +Kn(d+ x+ τ ∗;B)] ≥ 
Ln(d+ x;B)

 	
  .	 	   !(  		  τ ∗  d% 	
 .	 	
	
 	
   	%  	
 ﬁ .	 	   !( "
 

Ln(d′;B) = a′d′ + b′ 

  	
	 τ ∗  	  & d′ ∈ (
¯
d, d¯) "
 
$   
& 	
 	
	 Ln(d′;B)  ﬃ  d′   d′ ∈ (
¯
d, d¯)
0 $ ! τ ∗ + d ∈ Qn #  d′ ∈ (
¯
d, d¯)%   
 	
	 	
 	 τ ′ =
τ ∗ − d′ + d  	 1 τ ′ + d′ = τ ∗ + d ∈ Qn  d′ /∈ Qn%   	
	
τ ′ /∈ {zl|z ∈ Z} "
  (τ ∗− d¯+d, τ ∗−
¯
d+d) ⊆ R\{zl|z ∈ Z} 1 Fp[n](τ) 
  	
 	  {zl|z ∈ Z}  	 +%    	
	 	

'	 a, b ∈ R 
 	
	  & τ ′ ∈ (τ ∗−d¯+d, τ ∗−
¯
d+d) 	 
 	
	 Fp[n](τ ′) = aτ ′+b
"
  
Ln(d′;B) ≤ aτ ′ + b+Kn(d′ + τ ′;B) = a(τ ∗ − d′ + d) +Kn(d+ τ ∗;B) = a′d′ + b′  !
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   	
  	  ﬀ 
  	 

 a′ = −a  b′ = aτ ∗ + ad+Kn(d+ τ ∗;B)       Ln(d′;B) =
a′d′+b′    
         !" #  $  Ln(d′;B)
    "  $   Ln(d′;B)  ﬃ  d′   d′ ∈ (
¯
d, d¯)
&     $  $   Ln(d′;B)  ﬃ  d′ 
 d′ ∈ (
¯
d, d¯)    Ln(d′;B) ∈ Ψ(Qn)   Cdepn,N(d;B) = Ddepp[n](d) +
Ln(d;B) ∈ Ψ(Qn)
'    Carrn,N(d;B) = Darrp[n](d)+EXpn
[
min
γ≥0
{
ceγ + Cdepn,N((d+Xpn − γ)+;B)
}]
  Ψ(Qn) (   X
p
n   X
p
n = z
pl  zp ∈ Z  )
	*
 + ( ﬁ   min
γ≥0
{
ceγ + Cdepn,N((d+ zpl − γ)+;B)
}
∈ Ψ(Qn) '  $
(
¯
d, d¯) ⊆ R\Qn   d ∈ (
¯
d, d¯) - γ∗ = Y(d+zpl, B)  $ & ce > 0 
d+zpl ≥ 0 	
  γ∗ 
	  γ∗ ≤ d+zpl   (d+zpl−γ∗)+ = d+zpl−γ∗
) γ∗    

  ceγ + Cdepn,N((d + zpl − γ)+;B)    
   $.   # γ∗ = 0   "# (d+ zpl− γ∗)+ = d+ zpl− γ∗  
/	  Cdepn,N( · ;B)   d+ zpl − γ∗ ∈ Qn      "#
'     ∀d′ ∈ (
¯
d, d¯) : d′ /∈ Qn  /  d′ + zpl − γ∗ /∈ Qn  
(
¯
d+zpl−γ∗, d¯+zpl−γ∗) ⊆ R\Qn   Cdepn,N(·;B) ∈ Ψ(Qn)   a, b ∈ R
  ∀d′ ∈ (
¯
d, d¯).
min
γ≥0
{
ceγ + Cdepn,N((d′ + zpl − γ)+;B)
}
≤ ceγ∗ + Cdepn,N(d′ + zpl − γ∗;B) = ad′ + b  !""#
0 γ∗ = 0  	
  d′ = d  ﬁ   	   
  
     1   !""#      1 ' 
"    γ′ = γ∗ + d′ − d > 0  d′ ∈ (
¯
d, d¯)  γ′ = 0  
d′ + zpl − γ′ = d+ zpl − γ∗ ∈ Qn  d′ + zpl /∈ Qn   ( .
min
γ≥0
{
ceγ + Cdepn,N((d′ + zpl − γ)+;B)
}
≤ ce(γ∗ + d′ − d) + Cdepn,N(d+ zpl − γ∗;B) = ad′ + b,
 !"2#
 a = ce  b = ce(γ∗−d)+Cdepn,N(d+zpl−γ∗;B) & γ∗  	
  d  
	*
   	   
        1   !"2# 
   1   min
γ≥0
{
ceγ + Cdepn,N((d′ + zpl − γ)+;B)
}
∈ Ψ(Qn)
  Darrp[n](d)  	   /	  {zl|z ∈ Z}  ﬁ 
Carrn,N(d;B) ∈ Ψ(Qn)  
	  	
(  

      	$ 3
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    	
	 	 
    	  
    	 		 	 n = 1 	 	
	 ddep1 ∈
{zl|z ∈ Z} ⊆ Q1  	    ﬁ	  Q1      	
	
ddepn ∈ Qn 
   n  	
 1 ≤ n < N.
! 	 	   "    	 	
 
# Tn(ddepn ;B) ∈ {zl|z ∈ Z}
 ddepn + Tn(ddepn ;B) ∈ Qn !  	 ddepn ∈ Qn  	
    	
ddepn + Tn(ddepn ;B) ∈ Qn  	
 ∃z ∈ Z, p ∈ P 
 	
	 ddepn + Tn(ddepn ;B) = zl +
B˜p − B˜p[n] $ Xsn 	%  	 	  l  	 Xsn = zsl ! ﬁ	 
	
 	# ﬀ B˜′ 	 
 	
	 B˜′p[n] + B
′
p[n] = B˜
′
p[n+1] + znl  	
 zn = B/l ∈ Z
 p[n+ 1] = 1  zn = 0 	
  
 d
arr
n+1 = (d
dep
n + Tn(ddepn ;B) +Xsn − Bp[n])+ =(
(z + zs)l + B˜p − B˜p[n] − Bp[n]
)+
=
(
(z + zs − zn)l + B˜p − B˜p[n+1]
)+
   	

 darrn+1 = 0  d
arr
n+1 > 0 ' 	
   d
arr
n+1 ∈ Qp[n+1](p[n+ 1]) ⊆ Qp[n+1] 
 	
 		    ﬁ darrn+1 = (z + z
s − zn)l + B˜p − B˜p[n+1] ∈ Qp[n+1](p) ⊆ Qp[n+1]

 darrn+1 ∈ Qn+1 $ Xpn+1 	%  #  {zl|z ∈ Z} darrn+1+Xpn+1 ∈ Qn+1  
	
   	 	 (  "    	 	
 
# Yn+1(darrn+1+Xpn+1;B) =
0  darrn+1 +X
p
n+1 −Yn+1(darrn+1 +Xpn+1;B) ∈ Qn $ darrn+1 +Xpn+1 ∈ Qn+1  	
 
  	 darrn+1 + X
p
n+1 − Yn+1(darrn+1 + Xpn+1;B) ∈ Qn 
 ddepn+1 = (darrn+1 + Xpn+1 −
Yn+1(darrn+1 +Xpn+1;B))+ ∈ Qn 
 	 	
   	
   
    ﬁ	 
 	
	 	
 	  	
   	 	

)	 # 	   ﬁ	)		 ﬁ	)	 $*  	
 	  )
	 		  	 		+ *	 		  	ﬁ  	
  ddepn  	
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⌉
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
  $  	  B˜′ .     B˜ 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 i+ 1
" 
    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 darrn + X
p
n = zl + B˜
′
p − B˜′p[n] !

Π∗
B˜
(sp[n],[z, p; B˜]) = ap[z
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	  B˜′ 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⌈
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⌈
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⌉
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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 {1, . . . , N = R|P | + 1}  	

$		  	
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 B˜′ 
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	 
 	
 $	  g0  g = (g1, . . . , g|P |) 
 	
	 ∀B˜′ ∈ Δ(B˜) : Cˆ(B˜′) =
g0 +
∑
p∈P gpB˜
′
p
%  
 	
	 g "	     '	 	 B˜ & "  	 B˜′′ ∈ B˜ 	
B˜(x) = B˜+x(B˜′′− B˜) % 
 C∗(B˜(0)) = C∗(B˜)  C∗(B˜) = Cˆ(B˜) = g0+
∑
p∈P gpB˜p
  ΠˆB˜  	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		 ) B˜  "	 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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	 B˜(−
) = B˜ − 
(B˜′′ − B˜) ∈ Δ(B˜) 
 ΠˆB˜(−)    
B˜(−
)    	 C∗(B˜(−
)) ≤ Cˆ(B˜(−
)) = g0+
∑
p∈P gpB˜(−
)p = g0+
∑
p∈P gp[B˜p−

(B˜′′p − B˜p)] = C∗(B˜)− 

∑
p∈P gp(B˜
′′
p − B˜p) /   
"    -  C∗(B)
 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 B ∈ B  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 B˜ 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  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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C∗(B˜(−
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C∗(B˜(1))  
C∗(B˜′′) = 
C∗(B˜(1)) ≥ (1 + 
)C∗(B˜(0)) − C∗(B˜(−
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)C∗(B˜)−
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C∗(B˜)− 
∑p∈P gp(B˜′′p − B˜p)] = 
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p∈P gpB˜
′
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p∈P gp(B˜
′
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p∈P
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p − B˜p) = C∗(B˜′) +
∑
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gp(B˜
′′
p − B˜′p)
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
p = 1 
	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⌋
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 0 ≤ xf(1) ≤ xf(2) ≤ . . . ≤ xf(|P |) ≤ 1
 	  &	 	
      %
 
 %
 
   !#  	
 	
 	
 	 	
	 	
 *	# %	  	
 %

 B˜i, i ∈ {1, . . . , |P |}, 	
 "* 
  {B˜i|i ∈ {1, . . . , |P |} #	 & Δ(B˜)
97B_ERIm_Mulder_BW StandV3.job
98A_ERIm_Mulder_BW StandV3.job
  
	
  

  	
 
 
 
  	 
   

  
 	  	 	  ﬁ 	 	 
 
 	 
 	 
	 
 
 	 	  
 	   	  	
 
 	

    
   
  
 ﬀ    

   	  	 
  	 
 	 
 	 
  	 
 	 	 	  	  	  
 	  	    	
 	 	 	      	 	 	 ﬂ 
  


   

  	 
    "
 
  	
	  	 
   	 	 
  
  	 
 	
 
  
 

# $	 % 	 & 
 	 

 
  
 	  	


 "  
   
  
 	 ﬁ  
 
	
	 
 	   
 
   
 
 	' 	 	 


   
 
	 
 	  	 	  
  
 	


	 
  
 
	 
 
  
 
    $	 %
	  
 	  	
 	 
 
 	  
 
  	 

 $	 &  	 	 (#) 	 	
	 *
 	 
 	 


 
 
 	   
ﬁ 	  
 # $	 &
  	 		 
  	 	 
	 
    
  
 +
 
 
 	 
	 
 	 	 ,	,
  	  	 
 	 
  
 	 %-.  
ﬁ 	
   
 
   
,+	 	 
  	 		
$	 / 	 - 
 	 
    
 	 0 	 		
 1  
 	 	
 
  
  		 ﬁ #  	
   ﬀ 
 	 	    
 
  
 #
98B_ERIm_Mulder_BW StandV3.job
  	 
 



 
 
  
 
  	 
  ﬀ 
  
   
  

    
   
 	 

	 
 
   
  
    
  
   
 	 ! 
   

  
 	   
 
  
     
"

  
 

  
 
	 
   
 	  
    

    
   !
 
	 

  ﬀ  
      
  	 
   "
 
 	  


 
        
#
 $ %     
 
 
    
&  '#(   "  
    
 
	 

   
      )     
  
  
  	 
 
  
 ﬀ  
 

    '" 
  
 
  
 ﬃ
	 )
    
	 ﬀ  
 	  
 
  ﬀ

  	 	    
 
  ﬀ 
 
 	 


  ﬀ 
   $ %      
    
 
 
 +    
   
 
 

 '#(       
  #
  

 

  

   
	 	 
     ﬁ
   

 
    " 
   
  &      '"

     
      	  '-(

  + ﬃ   )  
 
 
    
  
 	 	 
 	 
    '-( !
 
   

   '-(    
   
 
 
ﬀ 
   
    
.
	 
 $ /  
     
  
 
  

  
 ) 
  
  "   
 
	 

  
  
  #
      
 0
     )  
    
	   


 
  ﬀ 
 1   	   
	 
 
 
    ﬁ
 
  
   
 	 
 
   
 
  
 2  
 
 
	  
 
 
    ﬁ
  
 3
  
 
    
 ﬃ
  
  
99A_ERIm_Mulder_BW StandV3.job
 
  	 
	 	 	           
	  	 
	  !" #$%&#'(	
 )*+ 	  	  ,	  	 #	   +  -+ .
 	   	  !$" /$&/'	
 0 ,		  	  )0 	 10	 #/	       
!/" '&/%	
234 5	6	 '	 5   +)   ﬂ   3	 		
	  		 !" #(&	
  8	 	 10 ,	 )  0	 #(	 9    3+ 
 ) -+	   	  !" '%&:#$	
*- 1	 5	6	  9	 1-3 1	  	 $	    3+
-);  ﬁ )  3+	   !#" #&:#	
* 	=	 $	 	 	  	    !  	 : 	  
ﬁ *) ,	
*  	 >	  -	 #	 =3 +.ﬃ  )   ) 	

 "#    $ 
  !%	   	
* *		 #%	    *   =	   	


			 	  ;
## 5+ #(	
* *		 5	6	 234 		,	 =) 	 = ,	,	 	 #/	   * 9 =.
)) ,  *)    .  	  	

	  !" #&:#	
* *		 1	  	 =	 #/-	   )     
 -)	  	     /&%'	
* *		 5	  	 = 		,	 =) *	 @-	 #:	 > @  .
3+ =-) !@=" .  ,9= )      	 !
&!  	   !" :(&:$/	
99B_ERIm_Mulder_BW StandV3.job
  	
  	 
	          2   
  	 
     
!"
!#	
 $ %	  	 &	 
	 ' ﬂ   $ )	

    	  		  
**"!	
  +	 ,	 - &	 ./ 0	 '	 
*	 + 1	  	 &)
 2	 3 	  	 
    4	 #	 54 &	%	 67"
6#	
  +	 ,	 - &	 ./ 0	 '	 
	 8     
 	    	 
  #!*"#6	
  +	 ,	 - 0	 '	 
#	 8 '  89 8 
4	  	 	  "6	
  8	 2	 0:; 2	 0 8 0	 - ;	 .4 +	 8$ ;	 8<	

7	 '4 '  8  1	 '	,	 ;= '	>	 +<
 	0	 ? 	 
  	   	!	"	  # 	 $! 
 	 4	 @6!6	 8 
6"!	
  8	 2	 0 8 +	 8$ ;	 8<	 

	 +) 4/ 
 A 9 ;      	 %!	
	   *"
!	
  B	 ;	 3 B	 3 .	B	 'A4	 
	 0    
/ )     	 $!  	 
 @ 67"
6
	
  B	B	 >	 C B	B	 C$	 
7	 1 ﬀ4     
    	  	 
    	6 @7"@76	
  -	 ;	 0:; 0	  +	 A	 
	 ;     
   	  	 
  & 		 *@"7
	
  ;		 ;	 -EA  	 8 +	 0FA	 

	 -AA/    
    A /    /  4:
4 	 		 '		  '	ﬁ	 %	 
 @#6"@@*	
  ,	 +	 ,	 777	 5  8  3   8	  
  !	  	) 
 6@"
*	
0 - +	 +	 3 	 ?	 
#	 ; )   /  )
   	 %	   *	  	  
!  
 

"

6	
0 G	 H	 + G	 C	 
@	 &        4
  4/ 4  A	  	 
 
+   
 	 
 & 	 !6"*@	
0 ;	8	 8	 2I +	8	 ;$I$	 
@	 ' ; 8     
1     	 %%  	 	 !#"6	
100A_ERIm_Mulder_BW StandV3.job
  	

 	
      

 	 

   

 	 	 
 
  	 
  	 
  !" #$%&#'

  %''' (
 ﬂ
 	   ( 
 (  	 

 	  !*" *#&+

   , (
 
    (( (  	 
  !" *'&+$

  - .(
 / 0
	 % 1	  2   (
3 (	 
(( 
 	   	    !#" *#&*'

  4 .	
	 5 6
7  /
 
 (

8	 , 
9((
 9
 2 9( 1
 	 9 	      %&
##
 

  , 9  :

 ' 
 ((  
 /( 
 1
 2 
1 6
 
  !#" #%&##*
 

 ,; ,    6 /( 
 2 4 	 9( 0
  
 	

 < 
   	  
- 9 0   < <0  %# 4	( 
 	 	 ﬂ

	(
 2 
 ( 2  (( 	 	 		 !*"
##5&##%
- 9 , < %% 
 	(
 
 	 	   
 2 
((  ( 
    !+" '5&'+
- ; 9 :  : = = > ? %  /

	   ﬃ 
 (


	 2 
 9
 8	   1 ; 2 9 
 .  
 5#*&5#'
4    9A	A	 9 	 % B  

 (   


 
	 (
3
 ((  	 		   

 %*%&%++
4 9 -= . %      5
 	  -4
 	 
 0 C %*#&%5$
4 ;/ C< 4 5 1
 ( 3 	  2D  	  2 

 	(  
 
 	   		 !5
$" $''&'%+
4 C = 4 8 C %* .   
 	 	 ﬂ
 	(
 

(
  
 (
    	   %%+&%
/   9
 9 <(	
 ' 
(
  4	9( (
   
 
( 
    !*" 5&5*5
100B_ERIm_Mulder_BW StandV3.job
  	

  	

 
  
  

 
 
     !"
# ﬂ# %          # 
  	

     &'(

 ) 	
*
 +
  ,      %  -,./ *  

  	 
    0&01

  2
,
 
  3
	
4
3
 
 5
 	"   #" % / * 
67 *
 8
 , 2
,
   *
 9%  
 : 	

 ; 

 		   
	 			   	   	
) 
 +'1
  +&00

  2
,
 ,
 3< 3
4
  =  3
4
	
3
  
 
 (
 
) > "   #" % 
  	 
  ! -0. '&5

2 
*
 
*
,
 
 
         #  !
   
 3?  @ A)" 

2 
 4

 	  	
 
 0
   > % *  6/ 67
*>   8     37  
  "
	  	 -. &(

2# 
*
 15
 B  /  C *

2 	
 D
 E 	
C
 2
 
  )" >    2 
  	
 	 -+. 1&1

2 	
 D
 E 
 
 %
  !   )"     ) #  
   )
  	 
  ! /
0FG
%



+

2% 	
 3
 % *
 9%  
    *
 
 
 	  " 
 #" % 
  # 	 
  -. (5&(0(

2BH@2B
 +
 2  #  % 
   	



  


2 ;
 E
 3 
 : ;
 
 +
 , %     # 

 	 
    (&'1

2 C
 @

 	# 2
=
 2
 
   ) I  !


  
>  "   % 
 
     '(1&+

3 
4
 0
  )  B *  )" %  A 	 !!#
,
  	  	 	-. 0&'1

3 E
 
 : =
 *  
 
 +
 	     
2 / 6))#  8  
  	  	 
-.
0&(

3  4
 
 
 +
 3 >     # 
 
$  	 
 	-. '05&'55

101A_ERIm_Mulder_BW StandV3.job
  	
    	
   	
  	  		  
	 
	 
   	   	
  
    !"
!#$!%!
 	 &' (   ) ! 	 	 	   
    *!$+!
  ,& % - .     ﬁ    
	 	
  
      " #$+*
  ,& # ,
 , 0  ) 
     
  !" !1$21
  ,& 3 4 1 ,
 ﬀ  

 	   	  ﬁ
  
 	
      " 2$22*
6  ' 0
	 )7  !% -    ﬂ 9  :
	   	
  
   " 2%!$2%1
6		  ) )    ! ;	     <		 	 

           **$1%
6 =>  ?		 =6 @	 &) =
  
	 ! - ;9
-
  -	 ( A    %" %+$
6	 @&7 6  = > 6 !% 3 
 
  
      %" %!+$%2
6	 @&7 > 6 == 	9<9B	9 77  !% 	 	 

       !$#
6	 @&7 > 6 77  !% -  ﬂ 	  
 	 

  	   	
  
   " 2*+$2+#
6	 ; ; C
 ; '	 !% ,
    	D -	 
   
 3	          2" 2%2$2#1
6		 3= -  6 !11* 0	 	 9  	 
D  
 	  
    " !+2$!1
6   @- ' !2  	  <ﬃ  D
- :        22!$2!
6   @- ' !% 
  9D @ 	  
<       $#1
F G >6  ! 79 	   9 	 
	  	 


          %" +#2$++
A ' A 4 !11! A @ 
 H ) A	: 
>    2" !$!%
A =6 @ @	 3	 !2      2  A	
101B_ERIm_Mulder_BW StandV3.job
  	

   	
            
	
  
    !" 	#!$
   		   %     	
  
 
  " !&#
  '( )* ' +* , !--   .  .  
   /" /-
#/!
0  ' + 1 !- *  ,23  (3  4 5
  
      )2 ) 6 7
$!#!-$
  !-&   8      	

	
				
	 . 	 9 !-&
 : )6 2 *; * !-&  "        
 0        <$#	!
  ' = '  % > ' ( ' 63 4  6 5 
' 1 !--< 9 5ﬃ      23 

    " &#-
 ( !--	       
% 4  6  ( ' !-/ 9  @   2 
   !
    !!&#!-
A,%. !--  2  ( % !-- A ,   % .

A,%. !-/  2  ( % !-/ A ,   % .

B C 1   ) !--<  A  *  9
 8   ;       "  "
	#!
B (  C 'D * 6C ( !-/  2  5 
      	
  
   $" &/#&$<
1  = * D ( !-& 5      23
    #  !
#/&
1  D ( !- 
 $ 
   %
 &
' & ()**+  *         . $	#</
1  D ( !-! *     2     
     #  &" $&#$
1  D ( !-!         
     $" -	#-$
102A_ERIm_Mulder_BW StandV3.job
  	

    	
  
  
 
  

  	 
 	
	   
    	
     
 !
!
 " 
  
#$
 
   	  %&' ()((
    	
 *   & + 
 $ ! !, !
  - .
$$ 
#
  
/
 	 	    0
  1 23 1
 .41 5  6 !  
  " 
 
$!
- . 7 8 ,,79:
93;<= $ 	   &)&0
   6  =

 
7  
 
7 " 
 $
 
   
	  %' (&)
   6 > 6#
 & 3
  $ 7 
"!$
 " $"    
 "
 	    %' (&0
   1 ? 3 1 1  * <  . $$ !, !
 "  

!

 
  !
 
 !
 " #
 !
 7  $ !
 	
 	     &
@ ? 4@  A 	 * @   ? < " 8

 :
7!
 

 ;!,
 6 .$ " 
  	   %' &)
1 * A 5 A 

  .  7   
 " 
 !
!
 " 
  


#$
  	 
 	 	 %' 0(
* 1 6 8$  
$  " 
!7 $
 
  
 9
$ﬁ$ !
-  $
  7     		 	  	
%' &
*
 ?  	
 *    
  99
  
 
 	
	    &)
102B_ERIm_Mulder_BW StandV3.job
103A_ERIm_Mulder_BW StandV3.job
  	

	

  
   	

 			 	 		 			  			
	 			 			  	 			  	 		  		 			
 		 					 		 	  		  	ﬁ		 
		 	 	  	 			 		 	 	 	 	 			 	
 		 	  	   	 	 	  	 	 !	 	  			 
			 	  	 	 		  		
	  	  	  	
 	 		  		 	  	   	   	 	  		 "		  	
			 	 		 	  	 		 	    	 
			 	 #	 	   		   		  	   	 	  
	 	  	  	 	 	 	  	 #	 		 		 
	 		 	 	 $	 		 		  		  	 #	 		
		
 		   	ﬀ	  	 
	  		  	 	 	  			
	$   	 		 !	 		 	 		    	   		  &'(
	  	 	 	 	 			  	  	 	
  	 			 			   	

 		 	 		  	 		 	
 		 				 #	  	  	 	 	 	  		 	 	
	   	 	     	 	$	  	 			  			
	  	   	 	 ) 		 		   	  		 	
	 	 	  	  		 		  				 *			 	
		 	  	 		 	 			  	$   	 	   	 		 	
 	 		 	 	 
  	  	 	 	 	   	 			 		 
 	

 		 	 	 	  	 			  			 	  	
		 		 		  	   	  		  	 		 	   		 		
	  + 	  	 	  	 		    	  ,	 		
		 	$ 	 	ﬃ	   	  	$	 		
103B_ERIm_Mulder_BW StandV3.job
104A_ERIm_Mulder_BW StandV3.job
  	

  	
  
       	 	

			 	
 	
  	
 	
		 
  

!	
 "	
   	
  		
		   #	$  %	 & 
'#	
 "		
 	    	
 	
		 
(##	 	 
 	 !	
  )	
* +   
	 	
 , 
		
  	  

!	
 "	
 -	
  
		
 	
	  #	
 
		
  #


#
	 
		  
	 
#

   #
			 	
 
		
  
 	
 	
		    !"'
*.'" &'/ )& 0
1# '"  '2 ! ( ##	
   	 	
#	
  	
 	
  	  		 #	  	   	
  

  )	 ﬁ
 #	
   	
  		 	#	 
 #
  1  ,
  4	
1
5

	     #
 
		
	
  	  	
 *	  	
 
 !	
 "	
 	   	
 
1  	 40'6	 #
7	
8*'&(
104B_ERIm_Mulder_BW StandV3.job
105A_ERIm_Mulder_BW StandV3.job
 
 	

 	
 
 	

  	 
  	 	        	
	
 	
 	 	
     !"# ""	
		 
  	 
  	 !	 $%&  ' ( )	 
 
!	
"  
 	
  	  	 
 )*&  	 	  +  
, $%& -*   +ﬀ %	 	
	# $

	 $ %&%	
  	 
  	 !	 /   %     0
	
	# $
 	 $ %&'%(	
  	 - - /	(	 
  	  %&    +ﬀ
%   *%	


)	 
'%+ $% '%+ $%& 1% ) 
1% 1%  $  #	
( 2%% ( 2%% 1% )  1%
1%  $   
 	
*
 % )   1% 3-* %  % 1% 
( 	
2%% 1%  4   % 2  5	
105B_ERIm_Mulder_BW StandV3.job
  	
  	
 	
  	
 ﬁ
 	


		 	
 	

		 	
 
	
 
	  
  
 
 	 !	

" 
	 # 	

$ 	

 	 
	 	

	 	 
$
 	
%
 &%  ﬁ 	'
%( $ )
$ 
 *	 + ,

			 		
%%-. 

  /001 %
-!1 )	
+ 2  
#
  /01 +$

1   	

3%( /01 
1 ! 
+! /01 2
1 !	

	   
 /01 	1   	

+ 2  
#
  /041 +$

1   	

.+ 5 /041 	1 	#
61 (
	   
 /041 	1   	

%( /041 1 )	
 /041 	1   	

+ 2  
#
  /071 +$

1   	

%) /071 	1   	

.+ 5 /071  	1 )
1 (
)8 /071 2	 
	1 	

+! /071 	1   	

	   
 /071 	1   	

+ 2  
#
  /091 +$

1   	

3%( /091 :	  1 8	
 
%( /091 !	1  	

+ 2  
#
  /0;1 +$

1   	

106A_ERIm_Mulder_BW StandV3.job
ERASMUS  RESEARCH  INSTITUTE  OF  MANAGEMENT  (ERIM) 
 
ERIM PH.D. SERIES  RESEARCH IN MANAGEMENT 
The ERIM PhD Series contains PhD dissertations in the field of Research in Management 
defended at Erasmus University Rotterdam and supervised by senior researchers affiliated 
to the Erasmus Research Institute of Management (ERIM). All dissertations in the ERIM 
PhD Series are available in full text through the ERIM Electronic Series Portal: 
http://repub.eur.nl/pub. ERIM is the joint research institute of the Rotterdam School of 
Management (RSM) and the Erasmus School of Economics at the Erasmus University 
Rotterdam (EUR). 
 
 
DISSERTATIONS LAST FIVE YEARS 
 
Abbink, E.J., Crew Management in Passenger Rail Transport, Promotor(s): Prof.dr. 
L.G. Kroon & Prof.dr. A.P.M. Wagelmans, EPS-2014-325-LIS, http://repub.eur.nl/ 
pub/76927 
 
Acar, O.A., Crowdsourcing for Innovation: Unpacking Motivational, Knowledge and 
Relational Mechanisms of Innovative Behavior in Crowdsourcing Platforms, Promotor(s): 
Prof.dr.ir. J.C.M. van den Ende, EPS-2014-321-LIS, http://repub.eur.nl/pub/76076 
 
Akin Ates, M., Purchasing and Supply Management at the Purchase Category Level: 
strategy, structure and performance, Promotor(s): Prof.dr. J.Y.F. Wynstra & Dr. E.M. 
van Raaij, EPS-2014-300-LIS, http://repub.eur.nl/pub/50283 
 
Akpinar, E., Consumer Information Sharing, Promotor(s): Prof.dr.ir. A. Smidts, EPS- 
2013-297-MKT, http://repub.eur.nl/pub/50140 
 
Alexander, L., People, Politics, and Innovation: A Process Perspective, Promotor(s): 
Prof.dr. H.G. Barkema & Prof.dr. D.L. van Knippenberg, EPS-2014-331-S&E, http: 
//repub.eur.nl/pub/77209 
 
Almeida e Santos Nogueira, R.J. de, Conditional Density Models Integrating Fuzzy and 
Probabilistic Representations of Uncertainty, Promotor(s): Prof.dr.ir. U. Kaymak & 
Prof.dr. J.M.C. Sousa, EPS-2014-310-LIS, http://repub.eur.nl/pub/51560 
 
Bannouh, K., Measuring and Forecasting Financial Market Volatility using High-
frequency Data, Promotor(s): Prof.dr. D.J.C. van Dijk, EPS-2013-273-F&A, 
http://repub.eur.nl/pub/38240 
 
Ben-Menahem, S.M., Strategic Timing and Proactiveness of Organizations, Promotor(s): 
Prof.dr. H.W. Volberda & Prof.dr.ing. F.A.J. van den Bosch, EPS-2013-278-S&E, 
http://repub.eur.nl/pub/39128 
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Benning, T.M., A Consumer Perspective on Flexibility in Health Care: Priority Access 
Pricing and Customized Care, Promotor(s): Prof.dr.ir. B.G.C. Dellaert, EPS-2011-241-
MKT, http://repub.eur.nl/pub/23670 
 
Benschop, N, Biases in Project Escalation: Names, frames & construal levels, Promotors: 
Prof.dr. K.I.M. Rhode, Prof.dr. H.R. Commandeur, Prof.dr. M.Keil & Dr. A.L.P. Nuijten, 
EPS-2015-375-S&E, hdl.handle.net/1765/79408 
 
Berg, W.E. van den, Understanding Salesforce Behavior using Genetic Association 
Studies, Promotor(s): Prof.dr. W.J.M.I. Verbeke, EPS-2014-311-MKT, 
http://repub.eur.nl/pub/51440 
 
Betancourt, N.E., Typical Atypicality: Formal and Informal Institutional Conformity, 
Deviance, and Dynamics, Promotor(s): Prof.dr. B. Krug, EPS-2012-262-ORG, 
http://repub.eur.nl/pub/32345 
 
Bliek, R. de, Empirical Studies on the Economic Impact of Trust, Promotor(s): Prof.dr. 
J. Veenman & Prof.dr. Ph.H.B.F. Franses, EPS-2015-324-ORG, 
http://repub.eur.nl/pub/78159 
 
Blitz, D.C., Benchmarking Benchmarks, Promotor(s): Prof.dr. A.G.Z. Kemna & Prof.dr. 
W.F.C. Verschoor, EPS-2011-225-F&A, http://repub.eur.nl/pub/22624 
 
Boons, M., Working Together Alone in the Online Crowd: The Effects of Social 
Motivationsand Individual Knowledge Backgrounds on the Participation and Performance 
of Members of Online Crowdsourcing Platforms, Promotor(s): Prof.dr. H.G. Barkema & 
Dr. D.A. Stam, EPS-2014-306-S&E, http://repub.eur.nl/pub/50711 
 
Brazys, J., Aggregated Marcoeconomic News and Price Discovery, Promotor(s): Prof.dr. 
W.F.C. Verschoor, EPS-2015-351-F&A, http://repub.eur.nl/pub/78243 
 
Burger, M.J., Structure and Cooptition in Urban Networks, Promotor(s): Prof.dr. G.A. 
van der Knaap & Prof.dr. H.R. Commandeur, EPS-2011-243-ORG, http://repub.eur. 
nl/pub/26178 
 
Byington, E., Exploring Coworker Relationships: Antecedents and Dimensions of 
Interpersonal Fit,Coworker Satisfaction, and Relational Models, Promotor(s): Prof.dr. 
D.L. van Knippenberg, EPS-2013-292-ORG, http://repub.eur.nl/pub/41508 
 
Camacho, N.M., Health and Marketing: Essays on Physician and Patient Decision- 
Making, Promotor(s): Prof.dr. S. Stremersch, EPS-2011-237-MKT, 
http://repub.eur.nl/pub/23604 
 
Cancurtaran, P., Essays on Accelerated Product Development, Promotor(s): Prof.dr. F. 
Langerak & Prof.dr.ir. G.H. van Bruggen, EPS-2014-317-MKT, 
http://repub.eur.nl/pub/76074 
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Caron, E.A.M., Explanation of Exceptional Values in Multi-dimensional Business 
Databases, Promotor(s): Prof.dr.ir. H.A.M. Daniels & Prof.dr. G.W.J. Hendrikse, EPS-
2013-296-LIS, http://repub.eur.nl/pub/50005 
 
Carvalho, L. de, Knowledge Locations in Cities: Emergence and Development Dynamics, 
Promotor(s): Prof.dr. L. Berg, EPS-2013-274-S&E, http://repub.eur.nl/pub/38449 
 
Consiglio, I., Others: Essays on Interpersonal and Consumer Behavior,  
Promotor: Prof.dr. S.M.J. van Osselaer, EPS-2016-366-MKT, 
http://repub.eur.nl/pub/79820 
 
Cox, R.H.G.M., To Own, To Finance, and To Insure - Residential Real Estate Revealed, 
Promotor(s): Prof.dr. D. Brounen, EPS-2013-290-F&A, http://repub.eur.nl/pub/40964 
 
Deichmann, D., Idea Management: Perspectives from Leadership, Learning, and Network 
Theory, Promotor(s): Prof.dr.ir. J.C.M. van den Ende, EPS-2012-255-ORG, 
http://repub.eur.nl/pub/31174 
 
Deng, W., Social Capital and Diversification of Cooperatives, Promotor(s): Prof.dr. 
G.W.J. Hendrikse, EPS-2015-341-ORG, http://repub.eur.nl/pub/77449 
 
Desmet, P.T.M., In Money we Trust? Trust Repair and the Psychology of Financial 
Compensations, Promotor(s): Prof.dr. D. de Cremer, EPS-2011-232-ORG, 
http://repub.eur.nl/pub/23268 
 
Dollevoet, T.A.B., Delay Management and Dispatching in Railways, Promotor(s): 
Prof.dr. A.P.M. Wagelmans, EPS-2013-272-LIS, http://repub.eur.nl/pub/38241 
 
Doorn, S. van, Managing Entrepreneurial Orientation, Promotor(s): Prof.dr. J.J.P. 
Jansen, Prof.dr.ing. F.A.J. van den Bosch, & Prof.dr. H.W. Volberda, EPS-2012-258- 
STR, http://repub.eur.nl/pub/32166 
 
Douwens-Zonneveld, M.G., Animal Spirits and Extreme Confidence: No Guts, No Glory? 
Promotor(s): Prof.dr. W.F.C. Verschoor, EPS-2012-257-F&A, 
http://repub.eur.nl/pub/31914 
 
Duca, E., The Impact of Investor Demand on Security Offerings, Promotor(s): Prof.dr. 
A. de Jong, EPS-2011-240-F&A, http://repub.eur.nl/pub/26041 
 
Duyvesteyn, J.G. Empirical Studies on Sovereign Fixed Income Markets, Promotor(s): 
Prof.dr P.Verwijmeren & Prof.dr. M.P.E. Martens, EPS-2015-361-F&A,  
hdl.handle.net/1765/79033 
 
Duursema, H., Strategic Leadership: Moving Beyond the Leader-Follower Dyad, 
Promotor(s): Prof.dr. R.J.M. van Tulder, EPS-2013-279-ORG, 
http://repub.eur.nl/pub/39129 
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Eck, N.J. van, Methodological Advances in Bibliometric Mapping of Science, Promotor(s): 
Prof.dr.ir. R. Dekker, EPS-2011-247-LIS, http://repub.eur.nl/pub/26509 
 
Elemes, A, Studies on Determinants and Consequences  
of Financial Reporting Quality, Promotor: Prof.dr. E.Peek, EPS-2015-354-F&A, 
http://hdl.handle.net/1765/79037 
 
Ellen, S. ter, Measurement, Dynamics, and Implications of Heterogeneous Beliefs in 
Financial Markets, Promotor(s): Prof.dr. W.F.C. Verschoor, EPS-2015-343-F&A, 
http://repub.eur.nl/pub/78191 
 
Erlemann, C., Gender and Leadership Aspiration: The Impact of the Organizational 
Environment, Promotor: Prof.dr. D.L. van Knippenberg, EPS-2016-376-ORG, 
http://repub.eur.nl/pub/79409 
 
Eskenazi, P.I., The Accountable Animal, Promotor(s): Prof.dr. F.G.H. Hartmann, EPS- 
2015-355-F&A, http://repub.eur.nl/pub/78300 
 
Essen, M. van, An Institution-Based View of Ownership, Promotor(s): Prof.dr. J. van 
Oosterhout & Prof.dr. G.M.H. Mertens, EPS-2011-226-ORG, 
http://repub.eur.nl/pub/22643 
 
Evangelidis, I., Preference Construction under Prominence, Promotor(s): Prof.dr. S.M.J. 
van Osselaer, EPS-2015-340-MKT, http://repub.eur.nl/pub/78202 
 
Faber, N., Structuring Warehouse Management, Promotor(s): Prof.dr. MB.M. de Koster, 
Prof.dr. Ale Smidts, EPS-2015-336-LIS, http://repub.eur.nl/pub/78603 
 
Fernald, K., The Waves of Biotechnological Innovation in Medicine: Interfirm 
Cooperation Effects and a Venture Capital Perspective, Promotor(s): Prof.dr. E.Claassen, 
Prof.dr. H.P.G.Pennings & Prof.dr. H.R. Commandeur, EPS-2015-371-S&E,  
http://hdl.handle.net/1765/79120 
 
Fourne, S.P., Managing Organizational Tensions: A Multi-Level Perspective on 
Exploration, Exploitation and Ambidexterity, Promotor(s): Prof.dr. J.J.P. Jansen & Prof.dr. 
S.J. Magala, EPS-2014-318-S&E, http://repub.eur.nl/pub/76075 
 
Gharehgozli, A.H., Developing New Methods for Efficient Container Stacking Operations, 
Promotor(s): Prof.dr.ir. M.B.M. de Koster, EPS-2012-269-LIS, 
http://repub.eur.nl/pub/37779 
 
Gils, S. van, Morality in Interactions: On the Display of Moral Behavior by Leaders and 
Employees, Promotor(s): Prof.dr. D.L. van Knippenberg, EPS-2012-270-ORG, 
http://repub.eur.nl/pub/38027 
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Ginkel-Bieshaar, M.N.G. van, The Impact of Abstract versus Concrete Product 
Communications on Consumer Decision-making Processes, Promotor(s): Prof.dr.ir. B.G.C. 
Dellaert, EPS-2012-256-MKT, http://repub.eur.nl/pub/31913 
 
Gkougkousi, X., Empirical Studies in Financial Accounting, Promotor(s): Prof.dr. 
G.M.H. Mertens & Prof.dr. E. Peek, EPS-2012-264-F&A, http://repub.eur.nl/pub/37170 
 
Glorie, K.M., Clearing Barter Exchange Markets: Kidney Exchange and Beyond, 
Promotor(s): Prof.dr. A.P.M. Wagelmans & Prof.dr. J.J. van de Klundert, EPS-2014-329-
LIS, http://repub.eur.nl/pub/77183 
 
 
Hekimoglu, M., Spare Parts Management of Aging Capital Products, Promotor: Prof.dr.ir. 
R. Dekker, EPS-2015-368-LIS, http://hdl.handle.net/1765/79092 
 
Heij, C.V., Innovating beyond Technology. Studies on how management innovation, co-
creation and business model innovation contribute to firm’s (innovation) performance, 
Promotor(s): Prof.dr.ing. F.A.J. van den Bosch & Prof.dr. H.W. Volberda, EPS-2012-370-
STR, http://repub.eur.nl/pub/78651 
 
Heyde Fernandes, D. von der, The Functions and Dysfunctions of Reminders, Promotor(s): 
Prof.dr. S.M.J. van Osselaer, EPS-2013-295-MKT, http://repub.eur.nl/pub/41514 
  
Heyden, M.L.M., Essays on Upper Echelons & Strategic Renewal: A Multilevel 
Contingency Approach, Promotor(s): Prof.dr.ing. F.A.J. van den Bosch & Prof.dr. H.W. 
Volberda, EPS-2012-259-STR, http://repub.eur.nl/pub/32167 
 
Hoever, I.J., Diversity and Creativity, Promotor(s): Prof.dr. D.L. van Knippenberg, 
EPS-2012-267-ORG, http://repub.eur.nl/pub/37392 
 
Hogenboom, A.C., Sentiment Analysis of Text Guided by Semantics and Structure, 
Promotor(s):Prof.dr.ir. U.Kaymak & Prof.dr. F.M.G. de Jong, EPS-2015-369-LIS,  
http://hdl.handle.net/1765/79034 
 
Hogenboom, F.P., Automated Detection of Financial Events in News Text, Promotor(s): 
Prof.dr.ir. U. Kaymak & Prof.dr. F.M.G. de Jong, EPS-2014-326-LIS, 
http://repub.eur.nl/pub/77237 
 
Hollen, R.M.A., Exploratory Studies into Strategies to Enhance Innovation-Driven 
International Competitiveness in a Port Context: Toward Ambidextrous Ports, Promotor(s) 
Prof.dr.ing. F.A.J. Van Den Bosch & Prof.dr. H.W.Volberda, EPS-2015-372-S&E,  
hdl.handle.net/1765/78881 
 
Hoogendoorn, B., Social Entrepreneurship in the Modern Economy: Warm Glow, Cold 
Feet, Promotor(s): Prof.dr. H.P.G. Pennings & Prof.dr. A.R. Thurik, EPS-2011-246-STR, 
http://repub.eur.nl/pub/26447 
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Hoogervorst, N., On The Psychology of Displaying Ethical Leadership: A Behavioral 
Ethics Approach, Promotor(s): Prof.dr. D. de Cremer & Dr. M. van Dijke, EPS-2011- 
244-ORG, http://repub.eur.nl/pub/26228 
 
Hout, D.H. van, Measuring Meaningful Differences: Sensory Testing Based Decision 
Making in an Industrial Context; Applications of Signal Detection Theory and Thurstonian 
Modelling, Promotor(s): Prof.dr. P.J.F. Groenen & Prof.dr. G.B. Dijksterhuis, EPS- 
2014-304-MKT, http://repub.eur.nl/pub/50387 
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Liner ships sail according to a published timetable specifying the arrival and departure
times in ports. Liner shipping networks consist of cyclic routes that are usually serviced
once a week. In this way, customers know when they can pick up or deliver their contai -
ners to a port. Each route in the network is sailed using one or more ships with possibly
different capacities. The network is used to satisfy the given container demand between
ports. Liner companies obtain a revenue for each container that they transport between two
ports. Furthermore, they incur costs for operating the network: fixed ship costs, bunker
costs, (un)loading and transshipment costs and lost sales costs. The first part of this thesis
proposes methods to design liner networks that maximize profit for the liner companies.
Ships will incur delays when executing a route, resulting in uncertain arrival and
departure times. Delayed arrivals can be very costly for liner companies, hence they want
their schedules to be reliable. The reliability of a route can be increased by including buffer
time in the route, which can be used to capture a delay without incurring delay costs.
Furthermore, ships can reduce delays by speeding up, which brings about additional costs.
The second part of this thesis proposes methods to minimize total costs by reallocating
buffer times and determining recovery policies specifying how to react on incurred delays.
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